Solvent extraction of meat and fish offal by Arvidson, Harold Carl
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1954
Solvent extraction of meat and fish offal
Harold Carl Arvidson
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Food Science Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Arvidson, Harold Carl, "Solvent extraction of meat and fish offal " (1954). Retrospective Theses and Dissertations. 13523.
https://lib.dr.iastate.edu/rtd/13523
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps. 
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600 

NOTE TO USERS 
This reproduction is the best copy availabie. 
UMI" 

SOLVENT EXTRACTION OF MEAT AND FISH OFFAL 
Harold Carl Arvidson^ Jr. 
A Dissertation Sutonitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHy 
Major Subject: Chemical Engineering 
Approvedi 
of Major Wor 
Head of Major Depar 
Dean of Grkduate College 
Iowa State College 
195U 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMl Number; DP12479 
® UMl 
UMl Microform DP12479 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
T5l9TI-\va 
Ar833 " 
TABLE OF CONTENTS 
Pag© 
LIST OF FIGURES Iv 
LIST OF TABLES vi 
ABSTRACT * ix 
INTRODUCTION 1 
REVIEt/ OF THE LITERATURE 3 
Historical 3 
Theory 9 
MATERIALS AND MTHODS 1$ 
Materials ........ l5 
Solvents ...» l5 
Fish meal ..... . . . . . . . . . . a  l5 
Meat and bone scrap 16 
Equipment 17 
Raw material preparation equipment ........ 17 
Extraction equipment ...... 17 
Methods 19 
Sample preparation 19 
Extraction procedure 23 
Analytical procedures 2k 
EXPERIMENTAL INVESTIQATION OP MEAT OFFAL 2$ 
Laboratory Phase ..... 2$ 
Pilot Plant Phase ..... 38 
Effect of miscella concentration U5 
Effect of extraction time U8 
Effect of extraction temperatiire 5l 
Effect of particle size . . . . . 
Extraction with commercial hexane 55 
iii 
Page 
EXPERIMENTAL INVESTIGATION OF FISH OFFAL 5? 
Laboratory Phase 57 
Pilot Plant Phase .......... 7U 
Effect of misoella concentration 75 
Effect of extraction time 78 
Effect of temperature 81 
Effect of moisture 83 
Effect of wetting agents .... 83 
Extraction with commercial hexane ......... 86 
MISCELLANEOUS RESULTS 88 
Conditions for Best Extraction ............. 88 
Variation of Raw Material Feed Rate with Extraction Time 88 
Comparison of Laboratory and Pilot Plant Results .... 91 
Drying of Extracted Meal ........... 9U 
Quality of the Extracted Fat or Oil 96 
CONCLUSIONS 97 " -
LITERATURE CITED 99 ' 
102 / 
APPENDIX 103 
Analytical Procedures lOU 
Moisture analysis ................. lOU 
Residual extractables lOi; 
Density and Viscosity Data on Fish Oil- and Tallow-
Trichloroethylene Miscellas lOH 
iv 
LIST OF FIQUttES 
Page 
Figure !• Flow Diagram of the Comercial Iowa State 
College Extractor 6 
Figure 2. Household Food Choppers 18 
Figure 3® Apparatus Used in Laboratoiy Rate Extractions . • 20 
Figure U. Flow Sheet of Pilot Plant Extractor 21 
Figure S. View of the Pilot Plant Extractor 22 
Figure 6» Variation of Residual Sxtractables with Temperatvu^e 29 
Figure 7» Variation of Residual Extraotables with Particle 
Size 30 
Figure 8. Variation of Residual Extraotables with 14oistvire . 31 
Figure 9. Effect of Temperature on Residual Extraotables in 
Laboratozy 3h 
Figure 10, Effect of Particle Size on Residual Extraotables 
in Laboratory ......... . 35 
Figure U. Device for Discharge from No. 1 Desolventizer . . Ul 
Figure 12• Conveyor Chain and Flights ...... U3 
Figure 13* Equipment Used to Remove the Bones U3' 
Figure Ih. Effect of Misoella Concentration on Residual 
Extractables in Pilot Plant . U7 
Figure l5» Variation of Residual Extractables with Extraction 
Time in Pilot Plant U9 
Figure 16, Variation of Residual Extractables with Temperature 
in Pilot Plant $2 
Figure 17• Effect of Temperature on Residual Extractables in 
Laboratory 60 
Figure 18. Effect of Temperature on Residual Extractables in 
Laboratory 61 
V 
Page 
Figiire 19, Variation of Residual Extractables with Temperature 
in Laboratory 62 
Figure 20. Effect of Particle Size on Residual Extractables . 6$ 
Figure 21. Variation of Residual Extractables with Particle 
Size in Laboratory , . , 66 
Figure 22. Variation of Residual Extractables with Moisture 
Content of Fish Meal .............. 70 
Figure 23. Effect of Moisture on Residual Extractables in Rate 
Extractions ...... 71 
Figure 2U. Variation of Residual Extractables with Miscella 
Concentration 77 
Figure 25• Variation of Residual Extractables with Extraction 
Time in Pilot Plant 79 
Figure 26. Variation of Residual Extractables with Extraction 
Temperature in Pilot Plant ,. 82 
« 
Figure 27. Effect of Moisture on Residual Extractables ... 
Figure 28. Variation of Feed Rates vrf-th Extraction Time ... 90 
Fi[^e 29. Comparison of Laboratoiy and Pilot Plant Data 
on Meat Offal with Constant lixtraction 
Temperature 92 
Figure 30, Comparison of Laboratory and Pilot Plant Data 
on Meat Offal with Constant Fjctraction Tims . . 93 
vi 
LIST OF TABLES 
Pago 
Table 1» Analysis of Fish Meal . 16 
Table 2. Analysis of Meat and Bone Scrap 16 
Table 3. Screen Analysis of Meat and Bone Scrap Passed 
through the Universal No. 1 Chopper 2$ 
Table U. Effect of Temperature on Extraction Rates of Meat 
and Bone Scrap Passed through Universal No. 1 
Chopper 26 
Table 5. Effect of Particle Size on Extraction Rates of 
Meat and Bone Scrap Passed through Universal 
No. 1 Chopper ....... .. 27 
Table 6. Effect of Moisture on Extraction Rates cf Meat and 
Bone Scrap Passed through Universal No. 1 Chopper 28 
Table 7» Effect of Temperature on Extraction Rates of Meat 
and Bone Scrap Passed through John Deere lOA 
Hammer Mill ...» 32 
Table 8, Effect of Particle Size on Extraction Rates of 
Meat and Bone Scrap Passed through John Deere lOA 
Hammer Mill 33 
Table Screen Analysis of Meat and Bone Scrap Passed 
through John Deere 10A Haxiuner Mill • 39 
Table 10, Effect of Miscella Concentration on Residual 
Extractables in Pilot Plant .... U6 
Table 11. Effect of Extraction Time on Residual Extractables 
in Pilot Plant . . . 50 
Table 12. Effect of Extraction Temperature on Residual 
Extractables in Pilot Plant 53 
Table 13. Effect of Particle Size on Residual Extractables 
in Pilot Plant ..... ...... 5h 
Table ll». Extraction of Meat and Bone Scrap with Commercial 
Hexane .......... 56 
Table l5. Screen Analyses of Fish Meal Used in Laboratory 
Investigations 5? 
acER* 
vii 
Page 
Table 16, Effect of Temperature on Extraction Rates of 
Fish Meal As Received «.*•• 58 
Table 17• Effect of Temperature on Extraction Rates of Fish 
Meal Passed through 3/l6-Inoh Die 59 
Table 18, Effect of Temperature on Extraction Rates of Fish 
Meal Passed through Coarse Cutter ....... 59 
Table 19. Effect of Sample Preparation on Extraction Rates 
of Fish Meal at 110* F 63 
Table 20, Effect of Particle Size on Extraction Rates of 
Fish Meal Passed through 3/l6«»Inch Die . . . . • 6U 
Table 21, Effect of Particle Size on Extraction Rates of 
Fioh Moal Passed through Coarse Gutter ..... 67 
Table 22. Effect of Moisture on Extraction Rates of Fish 
Meal As Received ...., 68 
Table 23, Effect of Moisture on Extraction Rates of Fish 
Meal Passed through Coarse Cutter 69 
Table 2U, Effect of Wetting Agents on Residual Extractables 
of High Moisture Content Fish Meal 73 
Table 25. Composition of Fish Meal Used in Pilot Plant Study 76 
Table 26» Effect of Hiscella Concentration on Residual 
Extractables in Pilot Plant 78 
Table 27, Effect of Extraction Time on Residual Extractables 
in the Pilot Plant 80 
Table 28, Effect of Temperature on Residual Extractables 
in Pilot Plant 8l 
Table 29, Effect of Moisture on Residual Extractables 
in Pilot Plant 83 
Table 30, Effect of Wetting Agent on Residual Extractables 
in Pilot Plant . , .  8 5  
Table 31, Extraction of Fish Meal with Commercial Hexane . , 86 
Table 32, Best Conditions for Commercial Extraction . . . , 89 
Table 33, Variation of Raw Material Feed Rate with Time , . 91 
viii 
Page 
Table 3U* Total Volatlles in Qxtracted Fish Meal and Meat 
and Bone Scrap at Various Locations 95 
Table 35. Densities and Viscosities of Fish Oil-
Trichloroethiylene Miscellas .......... 106 
Table 36# Densities and Viscosities of Tallow-
Trichloroethylene Miscellas 107 
ix 
ABSTRAGT 
The application of solvent extraction to the removal of oil from 
vegetable oil seeds has been extensively studied, but similar investi­
gations have not been carried out on either meat and bone scrap or 
fish meal. Meat and bone scrap is the dry cooked waste frwti meat 
packing operations, whereas fish meal is the wet cooked scrap from the 
fish industry. The tallow obtained from the meat offal is used in the 
manufacture of soap and the residue is used as a hog feed supplement. 
The oil removed from the fish offal is used for paint and varnish and 
the residue is used as a poultry feed additive. 
The two raw materials, meat and fish offal, were investigated to 
determine the effects of the various operating variables on the solvent 
extraction of them and the requirements for the successful processing 
of these in the Iowa State College extractor. These studies were 
carried out both in glassware in the laboratory and in a pilot plant 
model of the Iowa State College continuous countercTirrent extractor. 
The valuables that were investigated in laboratory rate extrac­
tions were temperature, moisture, particle size, and the effect of 
wetting agents. In the pilot plant the effects of miscella concentra~ 
tion, extraction time, temperature, moisture, particle size, and 
wetting agents were studied. The solvent used in most of the work was 
trichloroethylene although some pilot plant data were obtained with 
commercial hexane. 
X 
In the pilot plant extractions, it was found that extraction 
efficiencies as high as 91.6 per cent and 98.3 per cent are attain­
able for fish and meat offal, respectively. In conformity with 
general opinion, trichloroetlylene was found to extract more fat or 
oil than hexane in a given extraction period and was, therefore, the 
preferred solvent. 
From the study of the effects of the various operating variables 
on the extraction of meat offal, it appeared that the extraction did 
not take place by a diffusion mechanism but solely by a washing 
process. This postulate was supported l:y the fact that there was 
little change in the miscella concentration in the horizontal section 
of the extractor and that extraction times in excess of 25 minutes did 
not reduce, within the limits of experimental accuracy, the residual 
extractables. 
A similar stu<fy for fish offal showed that the extraction process 
although mainly a washing operation had coupled with it a diffusional 
process that was effective for extraction times in excess of 25 minutes. 
The effect of temperature was greater in the pilot plant than in 
the laboratory for the extraction of meat and fish offal. This was 
believed to be due to the greater effect of teraperatiu'e on the viscosity 
and density of the miscella. In the laboratory these effects are much 
smaller since the miscella is almost p\ire solvent. 
xi 
Moisture was found to have a profound effect upon the extraction 
of meat and fish offal in the laboratory. For meat and bone scrap, 
the effect of moisture data gave a minimum residual extractable at 
a moistxire of 7 per cent. With fish meal, the minimum occurred at a 
moisture of 20 per cent. Some of the fish meal tested in the 
laboratory had a moisture content as high as per cent and it was 
found that wetting agents improved the degree of extraction. In the 
pilot plant, the improvement due to wetting agents was not confirmed, 
A possible relation between laboratory and pilot plant data was 
suggested for meat and bone scrap, but inadequate data were available 
for fish meal for complete confirmation of this correlation. The 
relation was not found to hold for the extraction of cottonseed. 
In the stucfy- of meat offal, it was discovared that the 
satisfactory operation of the pilot plant extractor was attained only 
if the bones were removed from the extractor at its lowest point. 
The addition of a settling chamber and a continuously operating screw 
proved to be adequate for the bone removal. 
1 
INTRODUCTION 
During the past 10 yearsj considerable effort has been expended 
in research on the solvent extraction of vegetable oil seeds by-
continuous methods. This research has resulted in the appearance of 
ma^y commercial extraction plants with a variety of extractor designs 
for the processing of many of the vegetable oil seeds. It would be 
expected that these equipment designs and processes would be applicable 
to the recovery of fats and oils from the materials processed in the 
meat and fish industries; however, this application has not been 
attained. At this time only four plants are using solvent extraction 
for the processing of meat and fish offal in the United States (33» 35) 
and of these, one is continuous and the others are batch. The meat 
and fish industries have, however, shown positive interest in the use 
of solvent extraction because of better oil recovery, continuous 
operation, higher quality of the meal, and the lower oil and protein 
losses (lU, 32)• 
In addition, the literature reports no data regarding the effect 
of the various operating variables on the extraction of meat and fish 
offal on either the laboratory or pilot plant scale although it does 
indicate that work has been carried out* 
Since there is a lack of information on the effects of the various 
operating variables in the solvent extraction of meat and fish offal 
and meager commercial application of extraction to these materials, 
the purposes of this thesis were as follows! 
To 8tu(^ the effects of temperature, moisture, and particle 
size on the extraction of meat and fish offal on the labora­
tory scale» 
To investigate the effects of temperature, extraction time, 
moisture, raiscella concentration, and particle size on the 
pilot plant solvent extraction of these materials, 
To test the adaptability of the Iowa State College extractor 
for the extraction of these materials and to devise the 
necessary modifications to enable this extractor to 
commercially extract the meat and fish offal» 
3 
REVIEW OF THE LITERATURE 
Historical 
Meat and fish offal# which are called meat and bone scrap and 
fish itieal by the respective industries, are prepared from the in­
edible portions of cattle and fish. The meat and bone scrap provides 
the source of tallow for soap-making and the non-fat portion is used 
as a hog feed supplement. In the case of fish meal, the oil is used 
in paints and varnishes (3) and the residue is used for poultry feed. 
According to Harrison (lU), the inedible portions of cattle from 
meat processing operations are passed tlirough a hogger (a hammer mill 
tiype device) to reduce the particle size and then to a rake agitated 
steam-jacketed batch diy cooker. The feed to the cooker is cooked 
\inder vacuum for 6 hours to coagulate the protein and also to remove 
most of the moisture and the volatile fumes. After cooking, the batch 
is dropped into a box with a perforated bottom which permits the 
excess fat to drain off. Following drainage, the meat and bone scrap 
containing 35 to UO per cent fat and 2 to 10 per cent moisture is 
passed to a mechanical screw press or "expeller" which reduces the fat 
content to about 10 per cent. The fat is clarified by settling and 
filtering before being packed for shipment to the soap-maker and the 
residue is ground and mixed with other materials to produce a hog feed 
supplement. 
u 
Fish meal (38) is prepared by passing the fish scrap through a 
grinder or hogger for size reduction and then to a vertical cooker 
for diying. The cooker is steam heated and may be operated either 
under vacuum or at atmospheric pressui'e. During the cooking operation, 
the fish waste is agitated to prevent scorching. After cooking, the 
material is pressed in a hydraulic press to remove the oil and the 
remaining water. The cake is ground and bagged for market and the oil 
is filtered and settled prior to shipment to the varnish maker. The 
meal as it comes from the cooker has an oil content of 18 to 20 per 
cent and a moisture of 25 to h$ per cent. After pressing and drying, 
it contains 3 to 6 per cent oil and 6 to 10 per cent moisture. 
The equipment used for solvent extraction has many forms and it is 
claimed, in most cases, that the equipnent suitable for extraction of 
vegetable seeds is satisfaotoiy for solvent extraction of meat and fish 
offal. Kamofsky (17) has classed the extractor designs into two 
groups, the iiranersion types and tiie percolation types. These main 
groups are subgrouped into the centrifuge, horizontal cell* and screw 
conveyor for the immersion type and the vertical column tray type, 
4 
basket type, and Rotocel for the percolation class. The specific 
commercial extractors have been reviewed by many authors (l5, 17, 25, 
29, 13, 11) and it is not deemed necessaiy to discuss them in detail. 
The steps in the development of an extractor of the continuous 
countercurrent tjrpe have been described by Sweeney, Arnold, and 
Hollowell (37). This design was also described in the patent of 
5 
Svieeney and Arnold (36). The extractor as it is presently being manu­
factured by the Crown Iron V^orks of Minneapolisj Minnesota, is shoxm 
in Figure 1. The apparatus consists of a trapezoidal loop which is 
circular in cross section and the material to be extracted is conveyed 
ttirough the extraction zone ty a Hedler type chain. This extractor 
has been operated successfully on soybeans, utilizing both trichloro-
ethylene and hexane. The extractor is of the same design as that 
which was used in the work reported in this thesis. 
Shepherd (33) has reported that there are three plants in opera­
tion in the United States utilizing trichloroethylene for the process­
ing of meat and fish offal. Of these plants, two were operating on 
meat scrap by the batch method and tliae other was using a continuous 
iiifithod on raw fish scrap. 
A St. Louis, Missouri, packing plant (35) was using hexane in the 
batch processing of meat scrap. The plant had a capacity of 10,000 
pounds per batch and used three washes of solvent to remove the tallow. 
The final fat content of the residue was about 3 to U per cent, 
Carlson (7) described a plant similar to the St. Louis plant that 
used trichloroethylene as the solvent. This plant had a daily capa­
city of 20,000 pounds and operated on a feed containing 32.2 to UB.I5 
per cent fat and 8 to 10 per cent moisture. The residue contained 
1.6 to U.U per cent fat and 1 to 6 per cent moisture. Tnis plant is 
claimed to have saved $100 per. day over processing the meat and bone 
scrap through a mechanical expeller. 
6 
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FIGURE 1. FLOW DIAGRAM OF THE COMMERCIAL IOWA STATE COLLEGE EXTRACTOR 
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A process for reducing fish or fish offal ($) was described 
which involved pre-cooking of the fish to a moisture content of 
ho to 50 per cent followed by countercurrent extraction of the 
material in an inclined extractor. A similar process has been dis­
closed in a Canadian patent (6), 
Animal material raE^r be rendered with benzene as the solvent to 
yield a meal containing 62.7 per cent protein and U.3 per cent fat (19). 
The process yields 28#8 parts meal and 12.6 parts fat from each 100 
parts of feed. 
Leaders in two patents (20, 21) discloses a process for selectively 
removing fat and rejecting color bodies of fatty materials. The 
solvent used is propane or like gaseous hydrocarbons under pressure at 
temperatures of 160 to 190* F. The ratio of solvent to raw material 
is 10 to 30 parts volume. The system operates batchwise on raw 
meat. 
A Kennedy extractor (22) has been suggested for extraction of 
various materials including meat and fish offal. This method involves 
dispersion of the solids, immersion of the solids in the solvent, 
followed by collection of the solids. 
It has been claimed (26) that a batch process utilizing a petro­
leum solvent will reduce the fat content of meat scrap to 3 to U per 
cent vjith three solvent washes. The author of this disclosure claims 
that this fat content is necessary to prevent dusting. 
8 
A percolation system using stationary columns that can bs operated 
at atmospheric or higher pressures is described in an Italian 
patent (27). This process consists of pumping the solvent to the top 
of columns filled vri-th the material to be extracted and collecting the 
miscella at the bottom. 
Vegetable or animal material MSY be extracted by crushing or 
grinding the feed with a solvent to form a semi-liquid mass and then 
separating the solid residue from the oil or fat solution.(31)» 
A series of disclosures (2, 11, 2h, 23, liO) give the pertinent 
facts on a solvent extraction process that is well suited for the 
extraction of raw meat and fish offal. This process may be operated by 
either batch or continuous means. It consists of grinding the feed to 
reduce the particle size followed by cooking the material in a solvent 
as trichloroethylene, ethylene dichloride, perchloroetV^rlene, or the 
like. The outstanding feature of the process is that it removes the 
water contained in the raw feed azeotropic distillation. This 
results in lower steaia costs due to a lower latent heat of vaporiza­
tion and lower operational temperatures. With a solvent-feed ratio 
above one, it has been possible to reduce the oil content in the meal 
to 1 per cent without the production of fines or soluble protein losses. 
It has been found to be an extraction method that is ideally suited for 
the production of pharmaceutical grade protein, enzymatic materials, 
and the like, since it has a low operational temperature which does not 
cause loss of biological activity or cause denaturation of the protein. 
9 
Schwitzer (32) described the Schlotterhose extractor wliich was 
developed specifioalHy for the extraction of fish meal. The equipment 
consists of a series of inclined screw conveyors with the solvent 
flowing countercurrent to the fish meal. This author also reported 
that a plant for the extraction of herring is under construction in 
Iceland. 
Theoxy 
The literature does not reveal any data on the extraction theory 
of meat and fish offal, although a considerable amount is available 
on the extraction of vegetable seeds. It is expected that to some 
extent this information will be applicable to the problem under consi­
deration. 
Boucher and coworkers (h) in the stu(fy of extraction of soybean 
oil from thin porous ceramic plates found that the extraction process 
was one of pure molecular diffusion and that the diffusion coefficient 
was constant for a given temperature and independent of the extracting 
solution. They found that the residual oil of the plates was inde­
pendent of Reynold's number which proved that the liquid-film resistance 
was negligible. The diffusion coefficients were found to be related to 
the viscosities of the solvent and oil by the following equation: 
D - 12.96 X , 
where D is the diffusion coefficient, is the viscosity of the oil, 
andyC/Q is the viscosity of the solvent. In this same study, the 
xo 
authors carried out continuous extraction of the porous plates in a 
basket type extractor and found that the experimental extraction 
periods agreed very favorably with calculated periods based upon the 
semi-batch extraction data. Limited studies indicated that the extrac­
tion of soybeans was also a process of molecular diffusion. 
Structure of the material to be extracted and its effect on the 
application of the diffusion theory to extraction were investigated by 
Osburn and Katz (28). These authors investigated seven types of 
structures and found that the shape of the extraction curve and the 
rate of extraction were greatly influenced the structure of the 
material. In a study on the extraction of soybean flakes, these 
authors concluded that the extraction was taking place by two diffusion 
processes with different diffusion coefficients. 
/ d / n ^ .  k ' o - / . ? ,  V , I -jrA '' 
It,has been reported (18) for the extraction of soybean flakes 
that the form of the general rate curve is characteristic of the 
solvent, solute, average thickness of the flakes, the structure of the 
material, and the temperature of extraction. The failure of the 
diffusion theory to be applicable to the extraction of the flakes was 
believed by these authors to be due to the lack of knowledge of the 
structure of the material and of the distribution of the extractables 
in the solid. 
From a study of the percolation of various solvents ttoough beds 
of many vegetable seeds, Wingard and Phillips (39) found that the time 
11 
to extract to 1 per cent residual oil was related to the extraction 
temperature by the following equation: 
where 0 is time to 1 per cent residu.sil oil, K is the intercept at the 
1* F, line, t is the temperature, and n is about -2, They also found 
that no theoretical basis for the correlation existed and that the 
relation was purely empirical. 
Coats and VJingard (9) in a study of the effect of particle size 
on extraction found that time required to extract to 1 per cent 
residual oil was related to the particle size ty the following relations 
where © is the time to 1 per cent residual oil, K is the intercept, 
D is the particle size, and n is the slope. The slope n was found to 
vary for the various materials tested having a value of about 5.5 for 
grits and one of 2,5 for flakes. 
Fan and coworkers (12) studied extraction of peanut slices cut 
with a microtome and found that after an initial extraction period, the 
data always gave a straight line when the logarithm of the fraction of 
total extractables remaining in the solid was plotted against tijne. 
The strsdght line portion can be represented by an integrated form of 
Fick's law, which means that it was possible to calculate the diffusion 
coefficient by the following equation: 
9 » Kt*^ , 
9 » KD" , 
/ 
12 
where 2L is the flake thickness, is the initial oil content, q is 
the oil content at time t, and D is the diffusion coefficient# Based 
upon the results obtained, the authors concluded that the diffusion 
coefficient is larger for lighter solvents because of differences in 
viscosity, chemical affinity, molecular size, solvent power, and other 
factors. The value of the diffusion coefficient decreases with increas­
ing moiatwe and is independent of flake thickness. They believed that 
two processes were in operation during the extraction with two different 
diffusion coefficients. Because the cut surface ruptures some of the 
oil cells, it was necessary to apply a correction to the value of 
Karnofsky (16) believes that there are two possible extraction 
mechanisms for vegetable oil seeds. These are molecular diffusion and 
rate of solution of the oil into the solvent. Tlrie vegetable seeds 
fail to conform to the diffusion theory completely. Adherence to the 
diffusion theory occurs during the extraction of the easily removed oil. 
Non-adherence to the diffusion theoxy occurs during the extraction of 
the difficult-to-remove oil. The author believes that the undissolved 
oil theoiy is well substantiated by plots of undissolved oil against 
extraction time and because the data have been found to be independent 
of the concentration of the extracting solution. 
/ 
In a series of presoaking tests, Karnofsky (16) found that both 
theories, diffusion and undissolved oil, are in operation, with diffusion 
being most important initially and the undissolved oil theory applying 
in the later period of extraction. Dialysis is also felt to contribute 
to the theory of extraction. 
13 
It has been found (8) that the rate of solution of oil is a 
function of soaking time and not of the concentration of the extracting 
solution. 
P'Pool (30) has studied the effects of extraction time, temperature, 
and miscella concentration on extraction of Boyhean flakes in a pilot 
plant model of the Iowa State College extractor. This investigation 
also showed that extraction of spyl^eans in the pilot plant gave results 
comparable to those obtained in commercial plants. 
Juhl (l5) utilizing the same eqxiipment as P'Pool (30) in a stu(^ 
of the solvent extraction of cottonseed found that this material 
processed satisfactorily and that the residual oil content of the meal 
could be calculated by the following equation: 
R - 2.60 X lo'' —5^ 555 - 0.0U7I) ^ 
where R is the residual oil content, is the cottonseed meat diameter, 
Q is extraction time,x<y/0 is the kinematic viscosity, b is the average 
flake thickness, and T is the temperature. No relation was found to 
exist between countercurrent pilot plant extractions and the static bed 
rate extractions. 
Arnold and Patel (1) found in rate extraction studies of soybean 
and cottonseed flakes that a moisture content below about 10 per cent 
does not influence the residual oil content appreciably. 
Smith (3U) feels that rate equations and rate constants will be 
most useful for correlation of the effects of the variables. The rate 
lU 
equation which this author found applicable was 
" ^  " K(x + b)^ , 
where x is the residual oil, K is the rate constant, and b is a 
constant# The rate constant K is related to the reciprocal of the 
thickness of the material being extracted to some power and directly 
to the diffusion coefficient. No correlation was possible with 
solvents and the effect of moisture was believed to be due to wetting 
and not the result of alteration of the diffusion mechanism# This 
author concluded that diffusion controls in the extraction of 
coimercial oil-bearing materials# 
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FiATERIALS MD METHODS 
I'laterlals 
Solvents 
Two solvents were used in these investigations. For the majority 
of the studios, extraction grade trichloroetliylene purchased from the 
E, I. DuPont de Nemours and Company was used because its nonflammable 
nature permitted the extraction to be carried out with a minimum risk 
to the operating personnel. 
Skelly B, a commercial hexane fraction marketed the Skelly 
Oil Company, was used in a limited number of experiments to test the 
feasibility of the extraction process with a petroleum solvent possess­
ing a specific gravity of the same order of magnitude as the material 
being extracted. The specific gravities of the solvents at 68* F, are 
0,677 for Skelly B and 1.U6 for trichloroethylene. The boiling points 
at atmospheric pressure for Skelly B and trichloroethylene are lU6 to 
157* B'. and 188" F., respectively# 
Fish meal 
The fish meal used in these studies was obtained from 
Mr. Stanley Hiller of San Francisco, California, and was received as 
required for the experimental work. The oil and moistiire analyses of 
each material are given in Table 1. 
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Table 1 
Analysis of Fish Meal 
Oil Content Moisture 
Material Per cent^ Per cent 
Laboratory 15 20 Uo - U5 
Pilot Plant 13 • 15 18 - 20 
®Koistui'© free basis. 
Meat and bone sorap 
This material was obtained from two sources, high moisture meat 
and bone scrap from the John Morrell Packing Compary of Ottiimwa, Iowa, 
and low moisture material from the Rath Packing Company of Waterloo, 
Iowa. The characteristics of these materials are given in Table 2. 
Table 2 
Analysis of Meat and Bone Scrap 
Oil Content Moisture 
Source Per cent^ Per cent 
Morrell 35 Uo 10 • - 11 
Rath 35 am Uo 2 . - 3 
Moistvire free basis. 
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The materials listed in Table 2 were used in the laboratory 
studies. For the pilot plant studies, the meat and bone scrap was 
obtained from the Rath Packing Company and contained about UO per cent 
oil and 5 per cent moisture. The material on an as-received basis 
contained about 37 to per cent bones that were too large for the 
extractor to handle without increased difficulties. 
Equipment 
Raw material preparation equipment 
For the laboratory phase of these investigations, the material was 
prepared for extraction by passing the received meat and bone sorap or 
fish meal through either a Universal No. 1 household food chopper or a 
Hibbard, Spencer, Bartiett, and Company No, 70 0-V-B food chopper 
(Figure 2). These choppers were selected because of small capacity and 
their inherent ability with different adapters to produce a wide range 
of particle sizes and shapes* 
In the pilot plant study* the material was passed through a John 
Deere No, 10-A hammer mill. The speed of the hammers and the size of 
the screen opening were adjustable so that some control of the 
particle size was possible. 
Extraction equipment 
The extractor for the laboratory study of the extraction of meat 
and bone scrap and fish meal consisted of a 1-inch diameter glass tube 
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FIGURE 2. HOUSEHOLD FOOD CHOPPERS 
19-
surrounded by a Jacket through which water from a constant temperature 
bath could be circulated. The solvent, as it was fed to the base of 
the extractor, was heated by a resistance wire heater which was con­
structed by wrapping resistance wire around the glass tube leading 
from the solvent reservoir to the base of the extraction tube. A slide 
wire rheostat controlled the electrical input to the heater. A 
diagram of the apparatus is shown in Figxire 3. 
The basic extractor for the pilot plant investigations is shown 
in Figures U and ^ and the details of its construction have been 
reported by Juhl (10). Modifications that were necessary to enable 
the successful extraction of the two materials being investigated will 
be described in the experimental sections. 
Methods 
Sample preparation 
The meat and bone scrap or fish meal was processed hj passing the 
material through either the food chopper or the hammer mill in a 
normal manner after particles which would injure the equipment were 
removed by hand. Hand picking was necessary in the case of meat and 
bone scrap because of the high percentage of large, hard bones. As 
high a percentage of bones as possible was allowed to remain in the raw 
material. 
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Extraction procedure 
In the extraction rate determination, a v/eighed sample of the 
material to be tested was added to fill the extraction tube. The 
solvent was heated to the desired temperature by allowing the solvent 
to pass through the heater to the drain. After the solvent was at the 
desired temperature, the drain was closed and the solvent was permitted 
to pass into the extraction tube. When solvent was visible in the 
bottom of the extraction tube, the water from the constant temperature 
bath was circulated through the jacket to maintain the bed at the 
extraction temperature. The starting time for the run was taken as 
the time at which the first drop of miscella flowed from the extraction 
tube. All miscellas were collected in 100 ml. graduates at a rate of 
10 ml, per minute, filtered into tared flasks, and evaporated to 
dryness. After completion of the extraction rate determination, the 
remaining liquid was drained from the extractor and used in the 
Soxhlet determination of the residual oil in the sample. If the 
moistiire content of the initial extraction sample was above 10 per cent, 
the sample for the Soxhlet was dried at 130* 0. for 1 hour to reduce 
the moisture below 10 per cent and thereby eliminate any variations in 
the residual oil extraction caused by poor wetting of the sample by 
the solvent. 
Immediately upon starting the pilot plant extraction equipment, 
the feeding of the solvent and raw material was commenced and by the 
time that the miscella and extracted material were leaving the 
2k 
extraction section of the extractor, the desired operating conditions 
were reached. The desolventizers were brought to operating conditions 
just before the material started to pass through them. Extraction was 
continued until all measured points had reached constant values for a 
period of 2 hours during which time data were taken. After expiration 
of the steacfy state extraction time of 2 hours, samples were taken at 
the following locationsi 
1. Feed of raw material, 
2. Extracted meal entering No. 1 desolventizer, 
3. Heal discharged from No. 1 desolventizer, 
h» Meal discharged from No. 2 desolventizer, 
5. Meal discharged from No. 3 desolventizer, 
6. Overflow miscella from the extractor. 
After sampling of the various streams, the operating conditions 
were altered to permit the acquisition of data for the next run. Each 
operational period consisted of a series of runs which gave the data 
showing the effect of each operating variable. The extractor was 
always permitted to come to steady state conditions before data and 
samples were taken. After completion of the operational period during 
which the effect of one variable was ascertained, the machine was 
cleaned internally and externally in preparation for the next series of 
runs. , 
Analytical procedures 
Complete analytical procedures are given in the Appendix, 
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E5CPERIIOTTAL INVESTIGATION OF MEAT OFFAL 
Laboratory Phase 
In this phase of the investigation, the raw material was passed 
through the Universal No. 1 household food chopper with the coarse 
cutter. The screen analysis of the ground product is given in Table 3. 
Table 3 
Screen Analysis of Meat and Bone Scrap 
Passed through the Universal No. 1 Chopper 
U« S. Screen Screen Opening Per Cent 
Size Inches Passing 
0.371 95.1 
3 0.263 75.0 
U 0.185 U7.9 
6 0.131 30.2 
8 0.093 17.3 
12 0.065 7.1 
Utilizing the meat and bone scrap with the above analysis, rate 
extraction studies were carried out to determine the effect of tempera-
t\ire, particle size, and moisture on the degree of extraction possible 
^d.th trichloroethylene. The results of these studies are given in 
Tables U, 5, and 6 and in Figures 6, 7, and 8, 
*Unless otherwise noted, the solvent utilized in the investigations 
reported in this thesis is trichloroethylene. 
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Table U 
Effect of Temperature on Extraction Rates 
of Meat and Bone Scrap Passed through Universal No, 1 Chopper^ 
Extraction Time Per Cent Residual Extractables^ 
Minutes Extraction Temperature ' F. 
2k 90 110 150 
5 9.89 9.66 5.63 ii.73 
10 U.81 U.08 3.82 3.lj5 
20 3.29 2.63 2.70 2.6U 
30 2.75 2.15 2.2U 2.17 
Uo 2.3U 1.82 1.91 1.77 
50 2.01 1.58 1.6U 1.38 
60 1.72 l.ho 1.33 1.08 
^Moisture of meat and bone scrap 2.78 per cent. 
^loisture free basis. 
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Table 5 
Effect of Particle Size on Extraction Hates 
of Meat and Bone Scrap Passed ttirough Universal No. 1 Chopper® 
Extraction Time Per Gent Hesidual Extractables^ 
Minutes Average Particle Size® 
0.79 0.112 0.158 0.22U 0.318 
5 5.U8 • 6.03 6.28 7.U7 8.55 
10 U.16 li.31 U.3U 5.80 6.U2 
20 3.12 3.22 3.1U U.28 k . l h  
30 2.5U 2.68 2.56 3.U6 3.82 
iiO 2.09 2.20 2.lli 2.91 3.17 
5o 1.65 1.83 1.83 2.ltli 2.60 
60 1.27 1.U3 1.58 1.91 2,12 
Per Cent 
Moisture 10.1 10.OU 9.21 10.28 12.0 
^Extraction temperature was 110* F. 
'^loisture free basis. 
^Average particle size calculated as the arithmetic average of the 
retained screen opening and the opening of the next largest screen 
opening* 
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Table 6 
Effect of Moisture on Extraction Rates 
of Meat and Bone Scrap Passed through Universal No» 1 Chopper®" 
Extraction Tijne Per Cent Residual Extractablea^ 
Minutes Per Cent Moisture 
3.03 5.20 6.5o 8.72 11.0 
5 9.1U 6.12 7.63 10.17 12.6U 
10 5.60 U.05 1.68 5.32 10.57 
20 3.55 2.87 2.98 3.31 8.67 
30 2.77 2.33 2.33 2.58 7.17 
ho 2.30 1,99 1.92 2.03 5.85 
3'0 1.88 1.72 1.65 1.72 U.U7 
60 1.61 1.52 1.37 1.U7 2.99 
^Extraction temperature 110* F. 
^yioisture free basis. 
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In order to determine if a correlation existed between laboratory 
and pilot plant extractions, a series of rate extractions were carried 
out utilizing the same meat and bone scrap as used in the pilot plant. 
These data are reported in Tables 7 and 8 and are shown graphically in 
Figures 9 and 10. 
Table 7 
Effect of Temperature on Extraction Rates 
of Meat and Bone Scrap Passed through John Deere lOA Hammer Mill^ 
Extraction Time Per Cent Residual Extractables^ 
Minutes Temperature * F. 
1^ 90 110 130 i5o 
5 13.79 8.5U 6.86 5.26 U.27 
10 9.56 5.7U li.l9 3.69 3.05 
20 6.38 3.68 2.6U 2.62 2.25 
30 5.01 2.83 2.05 2.13 1.75 
Uo Ua7 2.26 1.68 1.75 1.U2 
50 3.70 1.90 1.U2 l.lt6 1.17 
60 3.29 1.65 1.19 1.22 0.96 
%oisture content 6.37 per cent. Identical material as used in 
pilot plant stu^y. The screen analysis is given in Table 9» 
^Moisture free basis. 
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Table 8 
Effect of Particle Siae on Extraction Rates 
of Meat and Bone Scrap Passed tlirough John Deere lOA Hammer Mill^ 
Extraction Time Per Cent Residual Extractables^ 
Minutes Average Particle Size® 
0,07? 0.112 0,1^ 8 0,22lf 0,317 
5 2,hi 3.28 5.31 8.35 in.93 
10 1.95 2.U3 3.U5 5.21 10.28 
20 1.56 1.79 2.55 2.83 U.95 
30 1.19 1.U5 2.15 2.23 3.08 
Uo 1,06 1.2U 1.89 1.87 2.73 
50 0.98 1.07 1.61 1.6U 2.00 
60 0.91 0.95 1.U7 1.U7 1.76 
®Sanie material as used in pilot plant. Extraction temperature 
110* F. 
^4oisture free basis, 
^Average particle size calculated as the arithmetic average of 
the retained screen opening and the opening of the next largest screen 
opening. 
The data given in Tables U to 8 and shown graphically in 
Figures 6 to 10 conform to normal rate extractions in that aEy given 
set of values taken from a column of a table or vertically from one of 
the figures vill reproduce a typical rate extraction curve. These 
data, when plotted on semi-logarithmic graph paper >rLth the time 
coordinate being on the linear axis, will give a curve which could be 
approximated by two straight lines of different slopes. These lines 
Indicate that the extraction is taking place by two mechanisms. The 
3U 
\ ^ )  N.  
w \ \ )  5 MIN 
V - ID M!N 
Nv (  
> 
)  20MIN 
c iv C c > ~ ' 
-  30MIN 
c 
( 
) 
J 40MIN 
50 MIN 
60 MIN 
( ) 
'0 90 l ie 13 0  
EXTRACTION TEMPERATURE 
150 170 
FIGURE 9 .  EFFECT OF TEMPERATURE uN RESIDUAL 
EXTRACTABLES IN LAEORATORY 
35 
5:^6 0.08 0.10 Ois 020 USo 045 0.60 
AVERAGE PARTICLE SIZE INCHES 
FIGURE 10. EFFECT OF PARTICLE SIZE ON RESIDUAL 
EXTRACTABLES IN LABORATORY 
36 
initial rapid decrease in the residual oil content of the sample 
during the first 10 minutes of the extraction means that, if diffusion 
is the controlling process, it is extremely rapid. However, it is 
likewise possible that in the early period of extraction one does not 
have true diffusion but instead a washing operation. The latter 
theory is probably correct in the case of meat and bone scrap, since 
the material being extracted has been cooked or, in other words, 
rendered and a good share of the fat has already diffused to the 
particle surface at the start of extraction. This is further supported 
ty the fact that at the end of the initial 10-minute extraction period, 
better than 90 per cent of the fat has been extracted in the case of 
an extraction carried out at 110* F. and a moisture in the feed of 
2.77 per cent. 
In the remaining period of time, 5o minutes for a normal rate 
extraction determination, less than 8 per cent of the fat is removed 
and in this period, the controlling process is diffusion at a very 
slow rate. 
In a series of rate extraction studies, the extracting solution 
is almost pure solvent during the pure molecular diffusion period. 
The effect of miscella concentration is not normally studied, since 
the oil or fat in the extracting solution would exceed the amount 
removed from the static bed of ravr material being extracted. For 
example, with a solvent flow rate of 10 ml. per minute and a miscella 
concentration of $ per cent, the fat entering the extraction zone in a 
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10-minute period would be about 7 grains, whereas the fat removed from 
the sample megr be of the order of 0,1 grams. Consequently, a study of 
the effect of miscella concentration in laboratory rate extractions 
would be of questionable accuracy. 
In the results presented, it will be noted that as the tempera­
ture of the extraction is increased, there is a marked reduction in 
the residual fat during the initial period of extraction vrLth a smaller 
reduction occurring with increased temperatures in the remaining 
period, VJith the effect of moisture, it is noted that the data go 
through a minimum at about 7 per cent moisture. At moistures over 
7 per cent, the extraction is impeded because of some solvent wetting 
condition. Below this moisture content of 7 per cent, the moisture 
removed in the drying operation has either been replaced by air so 
that entrance of the extracting solution is impeded or constriction of 
the particle capillaries has occurred due to particle shrinkage. 
In the figtires related to the investigations on particle size, 
the data give fairly straight lines on logarithmic graph paper, but 
the data give these lines only for the portion shown. For larger 
particles, the residual fat decreases as the particle size is 
increased further as though the extraction were being carried out with 
a mixture of smaller particles agglomerated together. With particles 
smaller than the smallest reported (0.079 inches), the residual fat 
tends to increase as though these particles close pack in such a manner 
that entrance of the extracting solution is retarded. 
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Pilot Plant Phase 
Initially, it was planned that the meat and bone scrap for the 
pilot plant investigation would be processed in the same manner as 
tho material used in the laboratory studies. The material received 
for the pilot plant tests contained a higher percentage of bones, 
some of them being removed by hand before grinding. However, the load 
imposed upon the Universal No. 1 food chopper cutters, because of the 
remaining bones, was so great that another method of feed preparation 
was necessary. Preliminary studies indicated that the John Deere lOA 
hammer mill without a screen and operating at a reduced speed would 
produce a material that would not impede the solvent flow appreciably 
in the extraction loop of the pilot plant extractor. The conditions 
selected were no screen and a speed of 2l80 RPM, so that the free 
path of the particles between impacts with the hammers would be 
increased and thereby givB a minimum size reduction of the meat portion. 
The screen analysis of the meat and bone scrap used in the pilot 
plant experimental runs is given in Table 9» 
The initial attempts at operating the extractor with meat and 
bone scrap showed that the material did not handle so well as soybeans 
or cottonseed. The problems that were encountered were mechanical in 
nature and were vital to successful operation of the extractor* 
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Table 9 
Screen Analysis of Meat and Bone Scrap 
Passed through John Deere lOA Hairaner Mill 
U. S. Screen Screen Opening Per Cent 
Size Inches Passing 
0.371 90.53 
3 0.263 82.7U 
h 0.185 68.12 
6 0.131 56.82 
8 0.093 36.29 
12 0.065 8.65 
The problems which are pertinent to the design of a commercial 
extractor are given below. 
1, Inability to maintain consistent discharge of extracted 
material from the Redler type conveyor vdth the brush, 
2* Resistance in No. 3 desolventizer which damaged the 
ribbon-type screw conveyor, 
3. Inability to operate the extractor continuously without 
an excessive number of the conveyor flights being 
stripped from the endless chain. 
The above problems will be discussed in order and the final 
solution will be indicated. The extractor as designed by Juhl (l5) 
for use with soybeans and cottonseed used a soft brush for cleaning the 
flights at the discharge from No. 1 desolventizer. In the case of 
meat and bone scrap, the brush proved to be unsuccessful in that the 
Uo 
material, instead of being pushed dowiward from the flight, was not 
removed at all. Installation of a stiffer brush caused the material 
to be pushed from the flights but the material tended to climb above 
the binish. This decreased the amount of the extracted meat and bone 
scrap that was passed into No. 2 desolventizer. Following the repeated 
failure to make the brush aid discharge from No. 1 desolventizer, an 
air operated laboratory stirrer (Figure U) was installed and this 
operated very satisfactorily. It was noted, however, that if the 
speed of the agitator blade was too high, a slot was cut through the 
material between the flights rather than giving a clean dischai'ge. 
This poor cleaning is correctable use of a wobbling shaft or the use 
of an air jet impinging on the meat and bone scrap that has been 
loosened by the stirrer. A brush follovdng the stirrer would have been 
just as satisfactoiy as the air jet, but space limitations did not 
permit its installation. 
The extractor used in these investigations had the ribbon-type 
screw conveyor for No. 3 desolventizer installed with only a single 
bearing so that the screw rode on the bottom of the desolventizer 
housixig. Since the screw housing was never filled, the meat and bone 
scrap was thoroughly mixed during its passage through the desolventizer 
and better solvent removal was obtained. In this mixing, there was a 
tendency for the bones to get between the ribbons of the screw and the 
tube walls. Jamming of the screw occurred with subsequent distortion 
of the ribbon and also failure of the shear pins which formed a part of 
the drive mechanism. Installation of another bearing corrected this 
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FIGURE 11, DEVICE FOR DISCHARGE FROM NO. 1 DESOLVENTIZER 
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difficulty, since it halved the effective clearance between the screw 
ribbon and the housing. Another problem which occurred quite 
frequently in No, 2 and 3 desolventizers was a blocking of the de-
solventizers which prevented passage of the meat and bone scrap 
through them. This difficulty was the result of hair being present 
in the meat and bone scrap and it wound around the ribbon and ribbon 
spacers. It would continue to build up until finally the screx^ was 
completely blocked. No positive solution was found for this difficulty 
except that occasional removal and cleaning of the screw minimized the 
problem. 
The problem that was most difficult to solve and had the greatest 
bearing on the successful operation of the extractor was the inability 
to keep the flights shown in Figure 12 on the chain. These flights 
are held to the chain by No, 3-l;8 screws and nuts. In both laboratory 
and preliminary pilot plant studies, it was noted that a separation 
took place when the meat and bone scrap was immersed in the solvent 
trichloroethylene. This separation resulted from the differences in 
specific gravities, the meat part of the feed being foimd at the top 
of the confining vessel and the bones at the bottom. During extraction 
in the pilot plant, separation occurred^ and since each flight had a 
slot, the bones slid through this until a sufficient quantity had 
collected. The mass of bones then moved as a group through the rest 
of the extractor. If the bones met an obstruction, a fairly high force 
was imposed upon the small screws and they either sheared or the 
tlu-eads stripped. It is not to be assumed that each time an 
ssssasss» 
FIGURE 12. CONVEYOR CHAIN AND FLIGHTS 
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obstruction was met that the flight came offj in many cases the 
obstruction was successfully passed* With the failure of one flight, 
increased loads were imposed on the following flights so that, in 
effect, a chain reaction was induced, and in a very short period as 
many as a dozen flights would come off. The greatest difficulty due 
to the flights coming off occurred at the lowest point in the 
extractor and in the curved section immediately following. In view of 
the ability to attribute the problem to bones and in view of the fact 
that the difficulty consistently occurred at a given location in the 
extractor, a device was developed which would remove the bones from 
the extraction section prior to the point of greatest obstruction. 
This device (Figure 13) consisted of a settling chamber and a screw 
which permitted the bones to be passed out of the extractor proper. 
The screw was 1-7/8 inches in diameter and 19-1/2 inches long, with a 
2-inch pitch and operated in a 2-inch pipe. Since the bones came to 
the location of the deboner in an intermittent manner, it was assumed 
that intermittent operation would be satisfactory; however, this was 
not true. Continuous manual operation at 75 ftPM was found to be 
adequate. Manual operation was used only as a convenience, since the 
extractor contained glass sections; and, if the screw had met an 
obstruction, the glass pipe would have failed if an electric motor had 
been installed. 
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Effect of mlscella concentration 
The variable, which is only controllable vdthin limits but yet 
plays an important part in the assessment of the effect of the other 
variables, is the overflow miscella concentration. The effect of this 
variable upon the per cent residual extractables of the discharged meal 
is given in Table 10 and the data are shown graphically in Figure lU* 
Table 10 
Effect of Misoella Concentration 
on Residual Extractables in Pilot Plant^ 
Miscella Concentration 
Per cent Oil 
Residual Extractables 
Per cent^ 
Moisture in Feed 
Per cent 
10,18 1.79 5.U6 
11. U8 1.85 5.21 
16.30 2.02 U.70 
21.92 2.3U 5.30 
39.05 U.8U 5.13 
^Extraction temperature 110*F» No. 1 and 2 desolventizers were 
operated at 20 psig steam pressure and No. 3 at 300*F. Extraction 
time was 26.5 minutes. 
Moisture free basis. 
Proia Figure lli> it is apparent that the effect of miscella concen­
tration on per cent residual extractables below a miscella concentration 
of about 22 per cent does not vary greatly from a straight line. On the 
basis of a straight line assumption, the data from the study of other 
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variables were corrected to a base miscella concentration of 20 per 
cent in the following manner. 
The actual residual extractables were multiplied by the ratio of 
residual extractables at 20 per cent miscella to the per cent residual 
extractables at the actual miscella concentration, both of the residual 
extractable quantities for the ratio being taken from Figure lit. 
Maximum, deviation of the correction procedure is of the order of 
3 per cent and, considering the heterogeneous nature of the materials 
being studied, this error is not unreasonable nor does it influence 
the conclusions that may be drawn from subsequent data. The correct­
ness of the miscella correction method is further substantiated by the 
fact that the corrections do not change the shape of plotted data 
(see Figure 1$) but do peirmit a smoother ciurve to fit the data. 
Effect of extraction time 
This variable is most important in the commercial extraction of 
an oil-bearing materisil, since it determines the capacity of a 
particular extractor or it determines the size of an extractor for a 
given capacity. The effect of extraction time upon the residual 
extractables of meat and bone scrap is given in Table 11 and Figure l5. 
It is immediately evident from the data and Figure 15 that there 
is no commercial advantage in operating at an extraction time in excess 
of 25 minutes. This information is in conformity with that found in 
the rate extraction stu.(fy on meat and bone scrap. 
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Table 11 
Effect of Extraction Time 
on Residual Extractables in Pilot Plant® 
Extraction Time Residual Extractables Moisture 
Minutes p^j. cent^ cent 
18.2 3.28 5.m 
26.0 2.22 U.70 
39.0 2.23 ii.86 
51.3 2.29 U.85 
^Extraction temperature 110* F. No. 1 and 2 desolventizers were 
operated at 20 psig steam pressure and No, 3 at 300* P. 
^^oisture free basis and corrected to 20 per cent miscella 
concentration. 
The lack of reduction in the residual extractables at periods be­
yond 25 minutes indicates that diffusion is negligible or that there is 
a condition present which reduces the possibility of free diffusion. 
The normal length of the extraction path is approximately 103 inchesj 
and of this length, U8 Inches represents the horizontal section. In 
this horizontal section there is a separation of the material so that, 
in effect, there are three phases. In the bottom are the bones that 
have settled out, at the top is the meat portion of the feed, and in 
between these two materials is a section of clear miscella. Based upon 
miscella analysis along the horizontal section, it was found that the 
oil concentration in the miscella is almost constant, 2 to 3 per cent 
oil. With an overflow miscella concentration of about 16.5 per cent. 
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it is reasonable to assume that a good share of the extraction, 
particularly the washing portion, takes place in about the first 
27 inches of the extractor and from there on, diffusion controls the 
extraction. Following the removal of the free oil, the remaining oil 
is removed by the diffusion mechanism and, depending upon the amount 
of packing that takes place due to movement of the conveyor flight, 
the residual extr actable s are determined in this remaining part of the 
extraction section. It is an established fact that as the extractor 
chain speed increases, there is an increased tendency for the solvent 
level at the solvent inlet side to build up» This increase in head is 
gradual as the extraction time is decreased from SO to 25 minutesj 
but below 25 minutes the increase in head is rapid; and at an extraction 
time of 15 minutes the solvent level will rise so that it will enter 
No, 1 desolventizer. V/ith this increase in head there is increased 
packing of the material being extracted and, likewise, there is a 
decrease in the oil removal due to diffusion. In view of the condi­
tions that exist in the remaining 76 inches of the extractor, it is 
believed that little oil is removed by the diffusion mechanismj and, 
if sufficient time (about 6o5 minutes) is allowed in the first 27 inches 
of the extractor, the residual extractables will reach a minimum of 
2,25 per cent at 110* P, 
Effect of extraction temperature 
This variable was studied and the results are given in Table 12 
and in Figure 16» 
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Table 12 
Effect of Extraction Temperature 
on Residual Extractables in Pilot Plant® 
Extraction Temperature 
• F, 
Residual Extractables 
Per cent^ 
Moisture 
Per cent 
88 5.07 U.61 
110 2.22 U.70 
116 1.96 U.98 
130 1.78 U.67 
151 1.50 5.02 
162 l.lU Uo75 
^Extraction time 26.5 minutes. No. 1 and 2 desolventizers were 
operated at 20 psig steam pressure and No. 3 at 300* F» 
Moisture free basis and corrected to 20 per cent miscella. 
The temperature of extraction has the most profound effect upon 
the residual extractables of argr of the variables investigated. Within 
the limits of the temperature range investigated, there is a steady 
decrease in the residual extractables with increasing temperature. The 
maximum temperature at which extraction is practical is l50* F., and at 
that temperature the extraction efficiency is 98.3 per cent. Higher 
temperatures are impractical because of localized vaporization of the 
solvent which aggravates the pumping* problem in the solvent inlet side 
of the extractor. 
*Pumping is the increase in head of the solvent in the solvent 
inlet leg above tlie normal height. 
Effect of particle size 
The meat and bone scrap used in the pilot plant study waa screened 
through standard screens and these fractions were used in the present 
investigation. The results of this series of runs are given in 
Table 13. 
Table 13 
Effect of Particle Size 
on Residual Extractables in Pilot Plant®' 
Particle Size Range Residual Extractables Moisture 
Inches Per cent^ Per cent 
>0.263 3.09 5.08 
0.131 - 0,263 1.97 U.83 
0.093 - 0.131 1.91 5.56 
0.065 - 0.093 2.72 5.32 
®Extraction time 27 minutes, temperature 110* F. No. 1 and 2 
desolventizers were operated at 20 psig steam pressure and No. 3 
at 300* F. 
Moisture free basis and corrected to 20 per cent miscella. 
These data are not conclusive as to the effect of particle size on 
the residual extraotablesj but they do show that an excessive percentage 
of large or small particles is undesirable, since the residual 
extractables are increased. The large particles do not permit free 
access of the solvent to remove the oil; and with small particles, 
packing must occur which limits the solvent flow. It will be noted 
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that, within experimental error, the residual extractables for particles 
of an intermediate size olose]^ approximate the values obtained in the 
study of the effect of extraction time with a mixed particle size 
distribution. 
Extraction with commercial hexane 
Because of safety considerations and its good solvent properties, 
trichloroethylene was considered as an excellent solvent for pilot 
plant operation. After having deterroLned operating conditions with 
trichloroethylene, it was considered desirable to make a run with 
commercial hexane, since (a) hexane is used very extensively in fat 
and oil extraction and (b) the desirability of trichloroethylene as 
a fat solvent has been questioned because of the toxicity of trichloro-
etlQrlene-extracted scybean oil meal for cattle. This run was made at 
130* Fe, which was considered as the maximum commercially feasible 
temperature. The results of this test are given in Table lU, 
For extraction under the same conditions, it was seen from the 
data in Table lU that extraction is better with trichloroethylene than 
with hexane. The difference in the actual magnitude of the residual 
extractables for hexane and trichloroethylene Soxhlet extractions was . 
a case of components of the meat and bone scrap being more soluble in 
trichloroethylene than in hexane. 
$6 
Table lU 
Extraction of Meat and Bone Scrap 
vith Coiruneroial Hexane 
Extraction Temperature 130* F. 
Extraction Time 26.0 minutes 
Miscella Concentration lll.56^ 
Moisture in Feed $mh6% 
Residual Extractables 
Hexane Soxhlet 1,80JS 
Residual Extractables 
Trichloroethylene Soxhlet 2,09^ 
Residual Extractables (Trichloroethylene extraction) 
Trichloroeth^ylene Soxhlet 
It was an interesting fact that the ratio of residual extractables 
by a hexane Soxhlet extraction to those by a trichloroethQrlene Soxhlet 
for the same sample has a value of 0.86. Later it will be shown that 
this same ratio exists for fish meal. 
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EXPERIMENTAL INVESTIGATION OF FISH OFFAL 
Laboratory Phase 
A considerable aniount of experimental work was carried out in the 
laboratory on fish meal. Data are presented on materials xjith three 
different past histories. Part of the information had been obtained 
on fish meal on an as-received basis, some on material that had been 
passed through a die with 3/l6-inch diameter holes on the Hibbard, 
Spencer, Bartlett, and Company food chopper, and part of the data v/ith 
fish meal that had passed through the Universal No, 1 food chopper tjith 
the coarse cutter. The screen analyses of these three materials are 
given in Table l5« 
Table l5 
Screen Analyses of Fish Meal Used 
in Laboratory Investigations 
U, S. Screen 
Size 
Screen Opening 
Inches 
Per Cent Passing 
Coarse 3/16 
Cutter Die 
As 
Received 
3 
U 
6 
8 
12 
0.371 
0.263 
0.16$ 
0.131 
0.093 
0.065 
73.1 
59.8 
U7.9 
32.9 
IU.3 
1.2 
98.3 100.0 
90.7 99.9 
72.1; 95.9 
58.U 7li.9 
U2.1 52.0 
27.7 31.8 
Utilizing the fish meal \d.th the analyses reported in Table l5, 
the effect of temperature on the residual extractables was investigated. 
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These studied were conducted ty means of the normal rate extraction 
procedure, and the results are tabulated in Tables 16, 17, and 18 and 
shown graphically in Figures 17, 18, and 19. 
Table 16 
Effect of Temperature on Extraction Rateo 
of Fish Meal As Received®' 
Extraction Time Per Gent Residual Extractables^ 
Minutes Temperature * F. 
78 90 110 130 150 
5 8.12 8.59 8.60 8.62 7.76 
10 7.ii2 7.70 7.75 7.U8 6.75 
20 6.72 6.70 6.93 6.U2 5.67 
30 6.25 6.08 6.29 5.76 U.96 
0^ 5.81 5.67 5.78 5.17 U.39 
SO 5.U0 5.27 5.38 i^ .70 3.83 
60 5.03 li.96 5.02 U.27 3.27 
®i4oiature content ltU.U7 per cent. 
^Moisture free basis. 
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Table 17 
Effect of Temperature on Extraction Rates 
of Fish Meal Passed through 3/l6-Inch Die^ 
Extraction Time Per Cent Residual Extractables 
Minutes ——— temperature '' Fo 
75 90 110 130 l5o 
5 10.25 8.7U 8.30 7.66 7.67 
10 8.79 7.32 6.68 6.57 6.U5 
20 7.U9 5.88 5.38 5.56 5.13 
30 6.58 U.87 U.58 U.80 U.39 
Uo 5.51 U.30 3.96 U.06 3.78 
50 U.88 3.32 3.56 3.h5 3.22 
60 U.2U 2.U7 3.06 3.02 2.57 
®Moisture content U3.3 per cent* 
Moisture free basis. 
Table 18 
Effect of Temperature on Extraction Rates 
of Fish Meal Passed tlirough Coarse Gutter®" 
Extraction Time Per Cent Residual Extractables^ 
Minutes Temperature * F. 
89 110 130 1U8 
5 U.82 5.25 U.27 3.58 
10 3.28 3.U7 2.59 2.21 
20 2.37 2.28 1.68 1.U9 
30 1.91 1.7U 1.30 1.12 
Uo 1.59 1.36 0.99 0.87 
5o 1.3U 1.09 0.72 0.69 
60 1.13 0.86 0.52 0.51 
®Koigture content 25.U per cent, 
^I-ioisture free basis. 
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From the data presented, it was noted that the effect of tempera­
ture is not very great, although the improvement is more pronounced 
with materials that have been processed in some manner. Since the 
data given in Table 18 had been collected on a sample of fish meal with 
a moisture content of 25»U per cent and for the data in Tables 16 and 17 
the moisture was above UO per cent, it was considered worth while to 
compare extraction rates of approximately the same moisture. These 
data are given in Table 19 and show the effect of the different sample 
preparations. 
Table 19 
Effect of Sample Preparation on Extraction Rates 
of Fish Meal at 110* F. 
Extraction Time 
Minutes 
Per Cent Residual Extractables^ 
As 
Received 
3A6-Inch Coarse, b Die Cutter 
5 
10 
20 
30 
Uo 
50 
60 
8.60 
7.75 
6.93 
6.29 
5.78 
5.38 
5.02 
8.30 
6.68 
5.38 
U.58 
3.96 
3.56 
3.06 
8.75 
7.00 
5.62 
U.83 
U.29 
3.62 
3.12 
Per Cent 
Moisture iai.U7 U3.3 UU.o 
^i-ioiature free basis. 
^Data taken from Figure 23. 
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It is seen in Table 19 that some type of sample preparation is 
desired but it also shows that the method of preparation selected is 
not highly important. The fish meal processed through the coarse 
cutter of the Universal No, 1 food chopper was the most desirable 
because of the ease of operation. Frictional forces are considerably 
less with the coarse cutter than with the 3/l6-inch die, so that the 
fish meal does not become plastic and fail to pass through the food 
chopper. 
The effect of particle size upon the extraction rate is tabulated 
in Tables 20 and 21 and shown in Figures 20 and 21 for two types of 
sample prepai'ation. 
Table 20 
Effect of Particle Size on Extraction Rates 
of Fish Meal Passed through 3/l6-Inch Die® 
Extraction Time 
Minutes 
Per Cent Residual Extractables^ 
Average Particle Size^ 
Inches 
0,032$ 0,079 0.112 0,158 
5 5.81 6,67 9.95 10.07 
10 U.75 5,13 7.13 7.31 
20 3,9U U,o6 5.38 5.U6 
30 3.Wi 3.U5 U.U7 li.5l 
Uo 2,98 2,8li 3.67 3.68 
5o 2,li7 2,UU 2.99 3.01 
60 2,08 2,05 2.1a 2.1a 
^Moisture content Ii3,6 per cent. Extraction temperature 110* F, 
^^oisture free basis. 
Average particle size is the arithmetic average of the retained 
screen opening and the opening of the screen above. 
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Table 21 
Effect of Particle Size on Extraction Rates 
of Fish Meal Passed ttirough Coarse Cutter^ 
Extraction Time 
Per Cent Residual Extractables 
Minutes Average Particle Size^ 
Inches 
0.0325 0.079 0.112 0.158 
3.03 U.U6 3.60 U.29 
10 2.27 3.07 2.88 3.13 
20 1.59 2.16 2.23 2.U8 
30 1.38 1.77 1.91 2.23 
ho 1.18 1.61 1.71 1.98 
50 l.oU 1.U6 1.59 1.85 
60 0.82 1.3U 1.51 1.7U 
^Moisture content 25.1 per cent. Extraction temperature 110* F. 
''i'iOisture free basis. 
^Average particle size is the arithmetic average of the retained 
screen opening and the opening of the screen above. 
Two separate series of experiments were carried out to study the 
effect of moisture on the residual extractables. These data are given 
in Tables 22 and 23 and are plotted on Figures 22 and 23. 
It will be noted that moisture has its minimum effect upon the 
per cent residual extractables at a value of 20 per cent. The effect 
of moisture was more pronounced at longer extraction times with the 
fish meal on an as-received basis, so that a particle formation similar 
to that obtainable with the Universal No. 1 food chopper and the coarse 
cutter was desirable. The shapes of the curves in Figures 22 and 23 are 
Identical with those obtained by Arnold and Patel (1) on soybean and 
cottonseed flakes. 
Table 22 
Effect of Moisture on Extraction Rates of Fish Meal As Received® 
Extraction Time Per Gent Residual Sctyactables^ 
Minutes Per Cent Moistuare 
kM 5.38 13.7U 21.78 31.92 39.U1 ii2.16 li3.93 
5 5.98 7.82 6.85 7.80 8.72 7.70 8.16 7.8U 
10 U.78 6.0U 5.5l 6.37 6.71 6.35 6.76 6.66 
20 3.50 h»3h 3.97 ii.53 U.91 5.11 5.U3 5.61 
30 2.93 3.U7 3.18 3.39 3.88 U.3U U.6U li.9U 
Uo 2.52 2.81 2.it2 2.55 2.98 3.76 U.08 li.U2 
50 2.18 2.30 1.82 1.88 2.25 3.28 3.65 U.05 
60 1.8U 1.90 1.33 1.23 1.53 2.89 3.28 3.62 
^Extraction temperature 110° F. 
^doisture free basis. 
Table 23 
Effect of Moisture on Extraction Rates of Fish Meal Passed through Coarse Cutter® 
Extraction Time Per Gent Residual Extractables^ 
Minutes Per Cent Moisture 
s.tg 9.16 25.U2 la.6U li5.U8 U8.71 51.27 
5 5.31 5.U8 5.25 7.88 8.66 10,26 13.78 
10 3.70 3.67 3.U7 5.96 7.18 8.70 12.U3 
20 2,6k 2.U8 2.28 U.69 5.96 7.53 11.31 
30 2.11 1.92 1.72t 3.96 5.18 6.69 10.U8 
Uo 1.72 1.5U 1.36 3.U3 li.60 6.01 9.62 
50 l.h3 1.22 1.09 2.93 U.n 5.35 8.76 
60 1.15 0.95 0.86 2.U8 3.62 U.65 8.07 
^Extraction temperature 110* F. 
Moisture free basis. 
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At moisture contents above 20 per cent, extraction is reduced 
because of poor wetting of the fish meal particles by the organic 
solvent trichloroethylene. At values below 20 per cent, the structure 
of the particles must be altered in such a manner that diffusion of 
the solvent into the solid is not restricted. This restriction to 
diffusion is caused a shrinkage of the particles during the drying 
operation. Without proof, this reduction in extraction could be 
circTomvented by a drying operation followed lay the sample preparation 
procedure. This method, however, may be undesirable because of an 
excessive production of fines. 
From the foregoing data, it was apparent that drying of the fish 
meal to a moisture of 20 per cent would improve the degree of extraction. 
Since drying is an expensive operation, the effect of wetting agents 
upon the degree of extraction was investigated. These results are given 
in Table 2U. They were obtained by use of the normal rate extraction 
procedure except that only ttie residual extractables after 60 minutes 
were ascertained. These analyses were carried out by means of a 
Soxhlet extraction with fresh solvent, so that any complicatii^ effects 
due to the wetting agent would be minimized. 
With the information given in Table 2U and with a fish meal con­
taining 18«1 per cent oil and U5.2 per cent moisture, it was possible 
to show that a wetting agent as Oronite D-60 vrould increase the degree 
of extraction from 76#U to 91,6 per cent. Although not generally true, 
the allgrl aryl sulfonates appeared to be the best wetting agents for 
Tabid 2h 
Effect of Wettli^ Agents 
a 
on Residual Extractables of High Moisture Content Fish Meal 
Wetting Agent 
Trade Name Manufacturer Chemical lype 
Solution 
Concentration 
Per Cent 
ty Weight 
Per Cent 
Residual , 
Extractables 
Nanisol 100 Alrose Chemical Co. Polyoxyallgrlene 
Fatty Ester 
0.5 8.5U 
Nanisol 300 Alrose Chemical Co. Polyoxyalkylene 
Difattjjr Ester 
0.5 6.79 
Sulfonate #5 Oronite Chemical Co. Alkyl Aryl 
Sulfonate 
0.5 5.98 
No wetting agent 
-
- U.95 
Tergitol NPG Carbide and Carbon 
Chemical Co. 
Allgrl Aiyl 
Polyglycol Ether 
0.5 U.90 
Nanisol 210 Alrose Chemical Co. PoQyojgralkylene 
Difatty Ester 
0.5 h,72 
Alkaterge C Cozranercial Solvents Substituted 
Oxazoline 
0.5 h,31 
Span, 80 Atlas Powder Co. Sorbitan Monoleate 0.5 hao 
Nacoolene F National Aniline Altyl Aryl 
Sxilfonate 
0.5 - 3.99 
Soya Lecithin Glidden Paint Co, Lecithin 0.5 , 3.9U 
D-60 Oronite Chemical Co. Aliyi Aryl 
Sulfonate 
' 0.25 3.16 
D-iiO Oronite Chemical Co. Alkvl Arvl 0-5 ?Jn 

Wetting Agent 
Trade Name Manufacturer 
Nanisol 100 Alrose Gbsnical Co, 
Nanisol 300 Alroso Chemical Co. 
Sulfonate #5 Oronite Chemical Co 
No wetting agent 
Tergitol NPG Carbide and Carbon 
Chemical Co. 
Nanisol 210 Alrose Chemical Co. 
AUcaterge C Commercial Solvents 
Span. 80 
Naccolene F 
Atlas Powder Co. 
National Aniline 
Soiya LecitJbin 
D-60 
Glidden Paint Co. 
Oronite Chemical Co 
D-UO Oronite Chemical Co 
D-60 Oronite Chemical Co< 
Moisture content h$»2 per cent, 
per Table lU (as-received basis). 
Moisture free basis. 
Chemical Tjrpe ty Weight Extractables^ 
PolyoxyallQrlene 0.5 8.5U 
Fatty Ester 
Polyo^allsylene 0.5 6.79 
Difatty Ester 
Alkyl Aryl 0.5 5*98 
Sulfonate 
U.95 
Aliyl Aryl 0.5 ii»90 
Polyglycol Ether 
Polyoxyaliqrlene 0.5 U.72 
Difatty Ester 
Substituted 0.5 it. 31 
Oxazoline 
Sorbitan Monoleate 0.5 U.IO 
Alhyl Aryl 0.5 - 3.99 
Sulfonate 
Lecithin 0.5 , 3.9U 
AUqtI Aiyl ' 0.25 3.16 
Sulfonate 
Alkyl Atyl 0.5 2.1a 
Sulfonate 
AUgrl Aryl 0.5 1.82 
Sulfonate 
Extraction tesgserature 110* F. Screen analysis as 
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the extraction. For some unknown reason, three of the wetting agents 
tested retarded the extraction of fish meal. 
This wetting agent study was not intended to be complete but was 
to be an informative stucfer to indicate the apjjroximate magnitude of 
the improvement in extraction that was potentially possible with some 
of the commerciaUy available agents. The two concentrations of 
Oronite D-60 in trichloroethylene represent sufficient indication that 
0.5 per cent wetting agent may not be the optixaum concentration. The 
correct concentration would be dictated by such factors as economics 
of wetting agent cost against return from increased oil recoveiy, 
possibility of foaming in the solvent recovery system, desirability of 
tha agent in the final oil, labor costs for preparation of the 
extractinig solution, and the lite. 
Pilot Plant Phase 
The fish meal used in the pilot plant stu(^y of the effects of the 
extraction variables was prepared by passing the materials as received 
through the John Deere IQA hammer mill at 3l50 RPM and with a l/2-inch 
screen. In addition to differing from the laboratory material in pre-
extraction preparation, the pilot plant fish meal also differed in 
composition. In the laboratory investigation, size separation of the 
material gave a series of fractions that were similar in oil and 
moisture content; however, screening of the raw material for the pilot 
plant yielded three distinct fractions. The first portion appeared 
to be the fin and tail parts of the fish, the second was fish scales. 
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and the third was the flesh portion of the fish. As would be 
esqpeoted} these pfaysically different materials also varied in oil 
content. However, the analyses are reported on the basis of screen 
fractions rather than type of material. These data are given in 
Table 2$, 
The extractor as modified for meat and bone scrap without the 
deboner was found to operate satisfactorily on fish meal. The 
material being used for the pilot plant study had a decided tendency 
to pump in the extractor which made it difficult to maintain a 
miscella concentration of l5 per cent. This inability to maintain a 
constant miscella concentration was aggravated by the low oil 
content of the fish meal. 
Effect of miscella concentration 
This variable proved to be the most difficult to control because 
of variations in solvent head, amount of material between the 
flights, and the like. The results of the study on the effect of 
miscella concentration on the per cent residual extraotables are 
given in Table 26. These data are shown in Figure 2U also. 
Utilizing the same approach as outlined in the similar section 
for meat and bone scrap, the data for the other variables affecting 
extraction of fish meal were adjusted to a miscella concentration of 
l5 per cent. This miscella concentration was selected as the reference 
value because it represented the most satisfactory condition for pilot 
iirt ii't r i h USBSti. 
Table 25 
Composition of Fish Meal Used in Pilot Plant Study 
U. S. Screen 
Size 
Screen 
Opening 
Inches 
Per Cent 
Passing 
Per Cent 
Moisture 
Per Cent 
Oil® 
Type of 
Material 
— 0.371 9U.5U 20,8li 5.1i2 Fins 
3 0.262 87.23 21.30 6.56 Fins 
It 0.185 81,75 19.61 9.13 Fins and Scales 
6 0.131 77.U2 20.02 7.36 Scales 
8 ' 0.093 70,U7 20.23 10.35 Scales 
12 0.065 60.78 20.62 10.67 Scales and Flesh 
Below 12 0.065 19.31 IU.35 Flesh 
^Moisture free basis. Analysis made with Soxhlet extractor and trichloroetlylene. 
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FIGURE 24. VARIATION OF RESIDUAL EXTRACTABLES 
WITH MISCELLA CONCENTRATION 
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Table 26 
Effect of Miscella Concentration 
on Residual Extractables in Pilot Plant® 
Miscella Concentration 
Per Gent Oil 
Per Cent 
Residual Extractables^ 
Per Cent 
Moisture 
14.28 2.5U 20.01 
7.6U 2.85 17.82 
13.3$ 3.01 20.26 
1J5.08 3.52 19.65 
22.33 3.93 21.18 
®Extraction temperature 110* F,, extraction time 26.9 minutes. 
^Moisture free basis. 
plant extraction. This value was also dictated by the low oil content 
of the fish meal, the inability to maintain constant miscella overflow 
at higher concentrations, and the ease with which pumping occurred 
with low solvent rates. 
Effect of extraction time 
The second vaidable studied in the pilot plant investigation of 
fish meal was the effect of extraction time. The data presented were 
obtained in two separate runs) and, as a result, the values do not 
yield a single line but permit a series of lines to be drawn through the 
data. This failure of the data presented in Table 2? and Figure 25 to 
be more consistent is the result of the heterogeneity of the fish meal 
being studied* 
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Table 2? 
Effect of Extraction Time 
on Residual Extractables in the Pilot Plant® 
Extraction Time 
Mnutes 
Residual Extractables 
Per Cent" 
MoistTire 
Per Cent 
17.9 3.85 20.09 
26.7, 3.02 20.3U 
26.8° 3.35 19.65 
Ul.2 2.72 19.56 
51.7° 2.30 23.76 
52.0 2.55 18.53 
^Extraction temperature 110* F, 
^Moisture free basts. 
°Data from a different run than the remaining values. 
It should be noted that the effect of extraction time differed 
from that obtained with meat and bone scrap (see Figxure l5) in that 
with meat and bone scrap there was no improvement in extraction with 
extraction times beyond 2$ minutes, whereas with fish meal, increased 
extraction time increased the extent of extraction. From the 
differences in the curves, it was reasonable to expect that the 
mechanisms may be different. In the case of meat and bone scrap, it 
was postulated that the mechanism was, for the most part, a washing 
process with little diffusion. With fish meal, the washing process 
though present had coupled with it a diffusion process which becomes 
effective in the latter portions of long extractions. It is not 
possible to claim that the diffusion coefficient for fish meal is 
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greater than that for meat and bone scrap, because the particle size 
of the fish meal was smaller so that the diffusion path was shortened 
and extraction due to diffusion would be expected to have been better. 
In addition, the flights were more completely filled, less volume 
shrinkage occurred, and a phase separation was not present. 
Effect of temperature 
The effect of temperature on the per cent residual extractables 
of fish meal is given in Table 28 and Figure 26. 
Table 28 
Effect of Temperature 
on Residual Extractables in Pilot Plant® 
Extraction Temperature Residual Extractables Moisture 
F• Per Cent^ Cent 
85 3.70 18.5U 
110 3.01 23.0U 
no 3.02 20.3U 
130 2.1U 19.79 
150 1.95 19.U9 
^Extraction time 26.5 minutes. 
Moisture free basis. 
These data are corrected to a l5 per cent miscella concentration 
and give a fairly good straight line. This is significant, since it 
means that any possible increase in temperature will represent a 
proportionate decrease in the residual oil. 
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Effect of moisture 
Data were obtained in the pilot plant on the effect of moisture on 
the extraction of fish meal. This information is given in Table 29 and 
Figure 27. 
Table 29 
Effect of Moisture 
on Residual Extraotables in Pilot Plant® 
Moisture Residual Extractables 
Per Cent Per Cent^ 
0.72 2,03 
U.31 2.06 
10.10 2.35 
111.51 2.19 
19.86 2.96 
^Extraction temperature 110* F., extraction time 27 minutes. 
Moisture free basis. 
The pilot plant data give a curve which shows that for the 
extraction period selected the reduction in per cent residual 
extractables id.th decreased moisture was greatest at moistures above 
l5 per cent and that below this value, drying was not very important. 
Effect of wetting agents 
Following the promising results obtained in the laboratoiy on the 
effect of wetting agents on fish meal, it was considered advisable to 
8U 
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determine if tlrds improvement were present in the pilot plant. Utiliz­
ing fish meal with the same analysis as that shown in Tables 1 and lU 
on the as-received basis, a series of pilot plant extractions were 
carried out with the results shown in Table 30. 
Table 30 
Effect of Wetting Agent 
on Residual £xtractables in Pilot Plant^ 
Miscella Residual 
Concentration Extractables Moisture 
Wetting Agent Per Cent Oil Per Cent^ P®** Gent 
None 6.69 U.7U 1j3.31 
0»5 Per Cent 
Oronite D-60 - 8.6U 5.3U l»U.52 
®Extraction temperature 110* F., extraction time 26 minutes, 
^'loisture free basis. 
Oronite Chemical Company's D-60 was selected for these tests because 
it gave the best results in the laboratory. From Table 30 it is apparent 
that the wetting agent is not very effective in the pilot plant. The 
miscella concentration was not so high as desired^ and this was believed 
to be due to the high moisture content. The results are not conclusive 
proof of the utility of wetting agents as an aid to extraction, but 
they do indicate that the degree of improvement in extraction would not 
be very great. 
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Eaitractlon with oommercial hexane 
In order to compare the relative merits of hexane and trichloro-
ethylene extraction, a run was carried out using the best commercial 
extraction conditions as determined in the studies with trichloroethylene. 
The data from this run are shown in Table 31. 
Table 31 
Extraction of Fish Heal 
with Commercial Hexane 
Extraction Temperature 130* F» 
Extraction Time 26.0 minutes 
Miscella Concentration 
Moisture in Feed 23o09}S 
Residual Extraotables 
Hexane Soxhlet 3.16^ 
Residual Extractables 
Trichloroethorlene Soxhlet 3*71^ 
Residual Extractables (Trichloroethylene extraction) 
Trichloroethylene Soxhlet^ 1.62^ 
^Residual extractables from Table 28. This value was corrected 
to U.OU per cent miscella so as to permit a better comparison with 
the data from the hexane run. 
Extraction with trichloroetl:ylene was superior to that with hexane. 
The difference between the residual extraotables with hexane and tri-
chloroethylene is due to components that exist in the fish meal that are 
soluble in trichloroethylene and not in hexane. 
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The ratio of the residual extractables with a hexane Soxhlet to 
those with a trichloroethorlene Soxhlet was 0.86. This was identical 
with that obtained with meat and bone scrap and indicates that the use 
of either solvent as the analytical reagent was satisfactory, since 
the results differ by a constant factor# 
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MISCELLANEOUS RESULTS 
Conditions for Best Extraction 
In any laboratory and pilot plant study of extraction, it is 
desirable to determine the conditions that would be best suited for 
commercial operation of an extraction plant utilizing the materials 
studied. In the case of fish meal and meat and bone scrap, these 
conditions are given in Table 32, 
The results for commercial Kctraction are very good, A comparable 
extraction efficiency for cottonseed was, at l50* F. and an extraction 
time of 26 minutes, 97.1 per cent (l5)• This efficiency from the data 
of Juhl was obtained with a seed possessing an oil content which was 
close to that of meat offal. Comparable data was not available for 
soybeans• 
P*Pool (30) found that the results obtained with the pilot plant 
extractor duplicated the commercial operations on soybeans so that it 
is expected that the results obtained for fish and meat offal could be 
reproduced in commercial installations. 
Variation of Raw Material Feed Rate with Extraction Time 
In considering a commercial installation of an extraction plant, 
one of the most important factors is the change in feed rate with 
extraction time. Data for fish meal and meat and bone scrap feed rates 
as a function of time are given in Table 33 and on Figure 26* 
Comparable data for sc^beans and cottonseed are included on Figure 28• 
Table 32 
Best Conditions for Gc^nmercial Extraction 
Material Jliscella 
Preparation Concen­
Extraction in tration Per Cent Extraction 
Temperature Time John Deere lOA Per Cent Per Cent Residual Efficiency 
Material * P. Minutes Haraner Hill Oil Moisture Extractables Per Cent 
3150 HPil 
Fish Meal 130 28 1/2 Screen 15 6.U5 1,27 91.6 
Heat and Bone 2180 RPH 
Scrap i5o 26.5 No Screen 20 5.0 1.50 
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Table 33 
Variation of Raw Material Feed Rate 
with Time 
Extraction Time Feed Rate PotindsAlour 
Minutes Fish Meal Keat and Bone Scrap 
18.1 1U.U3 12.72 
26.U 10.25 8.61 
38,7 - 5.95 
ia.2 7.00 -
51.2 5.U4 -
52.0 U.2U 
Comparison of Laboratory and Pilot Plant Results 
In the present study the ability to determine if a relation 
exists between laboratory and pilot plant results vas limited because 
different materials were used in the two investigations. The meat and 
bone scrap used in the pilot plant was studied in the laboratory to 
see if any similarities existed between such variables as temperature 
and extraction time. These data for both pilot plant and laboratory 
investigations are plotted on Figures Z9 and 30* It will be noted 
that with extraction time as the variable at a constant temperature of 
110* F» the two curves touch at an extraction time of 26 minutes. 
With temperature as the variable at a constant extraction tinae of 
26.5 minutes, the pilot plant and laboratory curves cross at an 
extraction temperature of 110* F» 
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The temperature of 110* P. is that used in the laboratory, and 
the extraction time of 26 minutes is that used in commercial extrac­
tion plants. This means that if a laboratory rate extraction is 
carried out at 110* F., the residual extractables at 26 minutes will 
be identical with those which would be obtained in the pilot plant. 
An attempt to apply this procedure to the data of Juhl (1$) was 
unsuccessful, since the two curves did not approach each other in any 
vay. It was not expected that both meat offal and cottonseed would 
yield the same comparison, since the mechanisms of extraction are 
different. Extraction of meat and bone scrap is 1:^ a washing process 
whereas for cottonseed it is one of diffusion. 
A relation for comparing laboratory and pilot plant appears to 
be possible for extraction taking place fcy a washing mechanism, but 
the data were insufficient to prove this possibility completely. 
Drying of Extracted Meal 
The requirements for the drying of extracted meal are needed for 
the design of a commercial extractor. In Table 3h are given the total 
volatiles for both meat and fish offal at various moistures at the 
three most important locations, exit No. 1 desolventizer, exit No. 2 
desolventizer, and the discharged meal. 
These data show that no more than two desolventizers are required 
to reduce the total volatile content to below h per cent) and if a single 
drier were long enough or operated at a higher temperature, it would be 
possible to operate with a single desolventizer. 
Table 3k 
Total Volatlles in Extracted Fish Meal ami Meat and Bone Scrap at Various Locations 
Total Volatlles 
Extraction Tiaie Moisture Per Gent 
Minutes Per Cent Desolventlzer Exit 
Fish Meal 
17.9 
26.7 
U.2 
52.0 
26.5 
27.0 
27.0 
27.0 
27.0 
27.0 
18.2 
26.1 
38.7 
51.2 
No, 1^ No. 2® No. 3^ 
20.09 
20.3U 
19.56 
18.53 
1^ 3.31 
19.86 
IU.51 
10.10 
U.31 
0.72 
39.2 
28.8 
21.8 
18.3 
18.1 
16.9 
23.60 
10.30 
2.92 
12,0 
9,3 
ii.2 
7.7 
8.7 
6.2 
3.3 
1.0 
0.2 
3.0 
1.2 
l.,2 
1.0 
7.2 
3.ii 
1.6 
1.5 
0.8 
0,1 
^at and Bone Scrap 
5.1U 
li.70 
U.86 
U.85 
lii.63 
13.U5 
7.15 
7.U1 
2.55 
2.03 
2.01 
1.57 
c 
c 
c 
c 
®Desolventizer operated at 20 psig steam pressure, 
discharge temperature 300* F. 
®Desolventlzer not operating. 
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Quality of the Extracted Fat or Oil 
The quality of the extracted fat or oil not studied, since 
the elapse of time between the cooking of the meat and fish offal 
and the extraction was considerable. An investigation to study the 
characteristics of the fat or oil should be undertaken in such a 
manner that a minimum of time passes between the cooking and extraction 
operations, because chemical changes will occur in the fat or oil with 
extended exposure to air or temperature. 
The quality of the fat or oil will be determined not by the 
extractor used but by the following factors: 
1. The quality of the feed material as it is delivered to 
the extractor, 
2. The possible effect of the solvent selected for extraction 
on the color of the fat or oil, 
3. The processing of the miscella to remove the solvent from 
the fat or oil. 
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CONCLUSIONS 
From the data obtained in a pilot plant model of the 
Iowa State College extractor, it has been proved that both meat and 
fish offal can be successfully processed. 
2, Operation of the Iowa State College extractor with both 
trichloroettgrlene and hexane has been shown to be feasible. 
3. A comparative stuc^ of commercial hexane and trichloroethylene 
as solvents for meat and fish offal proved that .trichloroethylene is 
the preferred solvent, since it removes a greater amount of soluble 
components. 
U. The use of wetting agents to aid the extraction of high 
moisture content fish offal, although promising in the laboratory, did 
not prove to be advantageous in the pilot plant. 
5. Extraction of meat offal was shown to occur by a washing 
process rather than try a diffusion mechanism. For fish offal the 
extraction takes place by a washing process supplemented by a diffusion-
al operation* 
6* In the laboratory rate extraction studies, the effects of 
some of the operating variables were studied. Since the effect of 
miscella concentration is negligible, the effect of temperatxire upon 
extraction was slight, and the most profound effect upon residual 
extractables was obtained with moisture as the variable* 
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7« In the pilot plant, where appreciable misoella concentrations 
exist, extraction efficiency was improved the most by increasing the 
extraction temperature. This improvement was aided by the rapid 
changes occurring in viscosity and density of the miscella as the 
temperatwe was raised, 
6, Successful operation of the pilot plant for meat and fish 
offal was dependent upon the use of an agitator to aid discharge of 
the Redler type conveyor and the installation of a deboner to remove 
the bones of the meat offal from the extraction zone. 
9. It was found that laboratory and pilot plant data for meat 
offal coincide at conditions that are representative of both labora­
tory rate extraction studies and commercial plant operations. This 
potential relation between laboratory and pilot plant data was not 
applicable to the work on fish meal because of insufficient data. 
10, It is not recommended that trichloroetliylene-extracted bone 
or fish meal be used as a feed supplement, pending an evaluation of 
its possible toxic characteristics. 
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APPENDIX 
loU 
Analytical Procedures 
Moisture analysis 
The moisture of fish jneal and meat and bone scrap is deteiroined by-
placing U grams of the material to be tested into a tared tin and 
placing same in an oven for U hours at 75* C» After the drying period, 
the tin is placed in a dessicator to cool before weighing. The 
moisture content is then calculated* 
Residual extractables 
A sample of ground material is weighed into a Soxhlet extraction 
thimble and placed in an extractor. The extractor is placed over a 
tared flask containing the extracting solvent and allowed to reflux for 
a period of U hours. After the elapse of the specified period, the 
flask is evaporated to remove all traces of solvent. The dry flask is 
weighed and the amount of extractables is calculated. 
Precautions If the moisture content of the solid to be extracted 
exceeds 10 per cent, the sample should be dried for 1 hour at 130* C. 
prior to extraction. 
Density and Viscosity Data 
on Fish Oil- and Tallow-Trichloroethylene Miscellas 
Data were obtained on miscellas of varying concentration of fish 
oil-trichloroetJiylene and tallow-trichloroethylene mixtures. This 
information consisted of densities and viscosities at four temperatures 
105 
and at seven miscella concentrations. The density measurements were 
made with 30 ml. covered pycnometers, and the viscosity values were 
obtained in an Ostwald pipette with a water constant of 0.01201b at 
25* G, The test temperatures were controlled within 0.1" C. The 
results are tabulated in Tables 3U and 35* 
Table 35 
Densities and Viscosities of Fish Oil-Trichloroethiylene Miscellas 
Hiscella 
Concentration 
Per Cent Oil 
Viscosiigr Cp, 
Temperature * C< 
Density gr./al. 
Temperature * C, 
55 70 ii2 55 70 
0.00 0.603 0.525 0.U66 0,lil6 1.U55 l.ii37 l.itOO 1.381 
2,02 0.61i8 0.568 o.5olt 0,Wi3 l.h39 l.i»21 1.390 1.36li 
8,73 0.916 0.770 0.667 0.563 1.386 1.370 l.3Ui 1.33U 
1U,55 1.2{i0 1.033 0.867 0.718 1.3U5 1.330 1.300 1.281i 
18»85 1.550 1.253 1.051 0.86U 1.319 1.305 1.280 1.259 
25.10 2.082 1.65U 1.3lj2 1.090 1.285 1.273 1.250 1.229 
29»9k 2.715 2.105 1.671 1.36a 1.25U 1.239 1.222 1.202 
Uo.20 5.188 3.732 2.765 2.153 1.191 1.179 1.165 l.lUl 
Table 36 
Densities and Viscosities of Tallow-Trichloroethylene Hiscellas 
Miscella 
Concentration 
Per Cent Oil 
Viscosiigr Cp» 
Teraperatiire * C, 
Density gr./ml. 
Temperature ® G. 
ho 70 Uo 55 70 
0,00 0.603 0.525 0.U66 o.ia6 1.U55 1.U37 1.I1003 1.381 
5.26 0.7Ui 0,6U5 0.568 0,U8U l.Uli 1.395 1.365 1.3ii2 
11.86 0.886 0.818 0.70U 0.590 1.368 1.350 1.323 1.300 
17.UO 1.298 1.065 0.905 0.7514 1.321 1.308 1.281 1.259 
20.67 1.57U 1.265 1.056 0.889 1.29U 1.283 1.257 1.233 
26.77 2.105 1.595 1.33U 1.087 1.253 1.2U3 1.218 1.198 
30.U7 2.U58 1.888 1.55U 1.258 1.231 1.220 1.196 1.175 
39.99 3.872 2.731 2.212 1.751 1.172 1.163 l.lhl 1.125 
s 
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